OBJECTIVES: Acute ST-elevation myocardial infarction is associated with ventricular dysfunction due to ischemia-induced progressive myocardial damage. The decrease in ventricular compliance causes left atrial dilatation and stretching of the atrial myocardium, which are the main stimuli for the secretion of atrial natriuretic peptide. The aim of this study was to evaluate left atrial dimensions and atrial natriuretic peptide levels in patients early after their first acute ST-elevation myocardial infarction and assess the probable interaction between coronary lesions and these measurements. METHODS: A total of 110 patients with acute myocardial infarction and 50 controls were studied. Plasma atrial natriuretic peptide was measured at admission. Left ventricular function, diameter, and volume index were evaluated using transthoracic echocardiography. Gensini and vessel scores of the patients who underwent coronary angiography were calculated. RESULTS: Plasma atrial natriuretic peptide in the patients with myocardial infarction was increased compared with that in controls (3.90¡3.75 vs. 1.35¡0.72 nmol/L, p,0.001). Although the left atrial diameter was comparable in patients and controls, the left atrial volume index was increased in patients with acute myocardial infarction (26.5¡7.1 vs. 21.3¡4.9 mL/m 2 , p,0.01). Multivariate regression analysis showed a strong independent correlation between the left atrial volume index and the plasma atrial natriuretic peptide level (b = 0.23, p = 0.03). CONCLUSIONS: The left atrial volume index and plasma atrial natriuretic peptide level were correlated in patients with acute myocardial infarction.
& INTRODUCTION
Coronary artery disease (CAD) is the leading cause of both morbidity and mortality worldwide (1) . It encompasses a wide clinical spectrum ranging from silent ischemia to sudden death. Within this spectrum, acute ST-segment elevation myocardial infarction (STEMI) is the most significant form of the disease with respect to its diagnosis, treatment, and prognosis. Various degrees of left ventricular systolic and diastolic dysfunction occur during STEMI (2) . Several parameters are used for the determination of left ventricular (LV) diastolic function, but most of them are affected by a number of technical and physiological factors, including heart rate, age, cardiac rhythm, preload, afterload, and LV geometry (3) .
The atria are cardiac structures that are often overlooked during a routine echocardiographic examination (4) . In general, the measurement of left atrial antero-posterior diameter (LAAPD) with M-mode echocardiography is considered sufficient. Although this method is simple, its accuracy in reflecting LA size is controversial due to the asymmetric structure of the LA. Volume calculation represents LA size more consistently than diameter or area measurements. The LA volume indexed to body surface area (LAVI) is the recommended method for LA size quantification (5) . Increased LA volume is a strong predictor of mortality after STEMI and provides superior prognostic information compared with conventional LV systolic and diastolic function measurements and clinical data (6) .
The natriuretic peptides comprise several structurally related molecules, such as atrial natriuretic peptide (ANP) and brain natriuretic peptide (BNP), which play important roles in cardiovascular homeostasis (7) . ANP is secreted from atria as a response to increased intra-atrial pressure and is eliminated from the circulation in minutes either enzymatically or through the clearance receptor (8) . The biologically inactive N-terminal peptide of pro-atrial natriuretic peptide (NT-proANP) is secreted into plasma in equimolar amounts as ANP, but it has a higher plasma concentration than ANP due to decreased degradation in vivo, which makes it a more appropiate biomarker (9) . Plasma ANP is increased in STEMI due to LV load and myocardial damage (10, 11) . In patients with STEMI, the plasma ANP level helps predict the prognosis and identify high-risk patients (12) . Svanegaard et al. demonstrated that the distension of the LA, rather than the dilatation of the LV, is related to the concentration of ANP (13) . To our knowledge, no study has investigated the association between LAVI and plasma ANP level during STEMI. The purpose of this study was to evaluate LAVI and ANP in patients with STEMI.
& MATERIALS AND METHODS

Patients
This prospective study enrolled 110 patients with a STEMI diagnosis. A diagnosis of acute STEMI was made based on the current criteria (14) . Additionally, 50 age-and gender-matched subjects with complaints of exercise angina who underwent elective coronary angiography that revealed normal coronary arteries were used as the control group.
The following were exclusion criteria because of the influence of each condition on echocardiographic variables or the ANP level: a) patients admitted to a hospital more than 12 hours after the onset of symptoms; b) patients who presented with a heart rhythm other than sinus rhythm; c) patients whose echogenicity was insufficient for transthoracic echocardiographic examination; d) patients with atrial infarction (elevated PR segment at leads I, II, III, V5, and V6; 0.15-mV depression at precordial leads; or 0.12-mV depression at leads I, II, and III); e) patients with Killip class $III heart failure or cardiogenic shock; f) patients with renal failure (serum creatinine $1.5 mg/dL), chronic pulmonary or hepatic disease, or cancer; g) patients with an acute infection, severe trauma, surgical operation or burns within the last month; h) patients with a history of prior MI, percutaneous coronary intervention (PCI), or coronary artery by-pass graft operation; i) and patients with cardiomyopathy or moderate to severe valvular heart disease. Only patients with Thrombolysis in Myocardial Infarction grade 3 flow in the infarct-related artery (IRA) after PCI and patients with $50% ST resolution at 90 minutes after fibrinolysis were included in the study to eliminate the possible effects of inadequate reperfusion.
Age, gender, height, weight, waist and hip circumferences, and atherosclerotic risk factors were recorded for all patients. Body mass index (BMI) and body surface area (BSA) were calculated. Pulse and blood pressure were measured at the time of presentation. All patients were informed about the nature and purpose of the study, which was approved by the local ethics committee.
Echocardiographic evaluation
All patients were evaluated by two-dimensional pulsedwave Doppler and pulsed-wave tissue Doppler echocardiography. The electrocardiogram-guided echocardiographic examination conducted using a transthoracic approach was performed by an experienced sonographer who was blinded to the study, with the patient in the left lateral decubitus position within 48 hours after admission, by using Philips ATL HDI 5000 (Philips Medical Systems, Advanced Technology Laboratories, Bothell, Washington, USA) and Philips Envisor C HD (Philips Medical Systems, Andover, MA, USA) echocardiography devices and 2-4-MHz phase transducers. All measurements were obtained as per the criteria recommended by the American Echocardiography Society (5) . The left atrial antero-posterior diameter (LAAPD) and septal wall thickness were obtained from standard parasternal long-axis images. Left ventricular end-systolic (LVESD) and end-diastolic diameter (LVEDD) and ejection fraction (EF) from apical four-and two-chamber views were measured by using the modified Simpson method (15) . Transmitral flow samples were obtained by pulsed-wave (PW) Doppler such that apical four-chamber views were parallel to the blood flow with the sample volume located at the level of the mitral leaflet tips. From the recordings, peak early (E) and late (A) transmitral filling velocities, isovolumic contraction time (IVCT), isovolumic relaxation time (IVRT), and ejection time (ET) were measured, and the LV myocardial performance index (MPI) was calculated.
The maximal LA volume was measured from the apical four-chamber view by using the modified Simpson method in end-systole before mitral valve opening. The LAVI was obtained for all patients by dividing the LA volume by the BSA. Additionally, early diastolic velocity (Em) was measured using the tissue Doppler function of the same devices, with the sample volume from the apical fourchamber view located at the septal edge of the mitral annulus. The average value of three consecutive heart beats was obtained at the end of exhalation.
To assess the intra-observer variability, echocardiographic measurements were repeated in ten subjects the next day by the same investigator. To assess the interobserver variability, transthoracic echocardiography was performed by a second observer on the same ten patients after the first echocardiography. The intra-and interobserver variability of LA volume were 7.5¡6.1 and 9.3¡7.2 mL, respectively, indicating good agreement.
Coronary angiography
Coronary angiography was performed using a monoplane cine-angiography system (Philips Optimus 200 DCA and Integris Allura 9 angiography devices; Philips Medical Systems, Eindhoven, Netherlands). Selective coronary angiography was performed at standard positions by the Judkins technique and a right and left transfemoral approach. Iopromide (Ultravist 370, Schering AG, Berlin, Germany) was used as opaque material. Angiographies were recorded at 25 frames/second by using 35-mm cinefilm. The Gensini score and vessel score were used to determine the severity and the extent of atherosclerotic CAD, respectively (16, 17) . For coronary artery scoring, one point was assigned to each artery when there was 70% or more stenosis in the three main coronary arteries and their major side branches. One additional point was assigned when there was 50% or greater stenosis in the left main coronary artery (LMCA), with a maximum total score of 4. The Gensini score was obtained by considering the severity of lesions at certain segments of the LMCA, left anterior descending artery (LAD), circumflex artery (Cx), and right coronary artery (RCA). A total of 2, 4, 8, 16, 32, and 64 points were assigned for each lesion with an obstruction level of 0-24, 25-49, 50-74, 75-89, 90-99, and 100%, respectively. If the RCA was the most obstructed artery, the lesion score for the LMCA was multiplied by a constant multiplier of 5; the lesion score for the proximal LAD and Cx was multiplied by 2.5; the score for a medial LAD lesion was multiplied by 1.5; the scores for RCA, distal LAD, and distal Cx lesions were multiplied by 1; the scores for the optus marginalis (OM1) and diagonal (D1) side branches were multiplied by 1; and the scores for other side branches were multiplied by 0.5. The total Gensini score was obtained by adding the resultant numbers. If the left system was dominant, the scores of RCA proximal, medial, and distal segment lesions were multiplied by a constant multiplier of 0.5. Ultimately, the total Gensini score was obtained numerically, which showed the severity of CAD. All coronary angiograms were evaluated by two observers who were blinded to the study. The inter-and intra-observer variability for repeated evaluations of the angiograms of 20 randomly selected patients was low (for the Gensini score: inter-observer variability, 4.8¡2.9%; intra-observer variability, 4.1¡2.5%).
Laboratory investigations
Venous blood samples were collected from all patients at the time of admission to the emergency department. Serum glucose; creatinine; cardiac markers, such as the MB fraction of creatine kinase (CK-MB) and troponin I; plasma hemoglobin; platelet count; and white blood cell (WBC) count were measured. Additionally, venous blood was collected after 12 hours of fasting and used to analyze the lipid profile within 24 hours. Blood samples required for ANP measurements were collected in EDTA tubes (two tubes, each containing 3 mL of blood) within 12 hours after admission from the antecubital vein while the patient was in the supine position. Plasma was obtained by the centrifugation of blood at 3,000 rpm for 10 minutes at 4¡2˚C by a cooling centrifuge. Plasma samples (200 mL) were collected in small Eppendorf tubes and stored at 280˚C. Plasma NTproANP was measured using a commercially available 
Statistical analysis
Statistical analysis of the data was performed using SPSS Version 13.0 software (SPSS Inc., Chicago, Illinois, USA). Continuous variables are reported as the means ¡ standard deviations (SDs), and categorical variables are expressed as percentages. The categorical and continuous variables were compared between the two groups using the x 2 test and unpaired t-test, respectively. Correlation analysis was performed to assess the relationships between the LAVI, the ANP level, and other variables. For the correlation analysis, Pearson's correlation test was used to analyze data that exhibited a parametric distribution, and Spearman's correlation test was used to evaluate associations between data with a non-parametric distribution. A multivariate linear regression analysis was performed to assess the power of the relationships between the ANP level and correlating variables. A step-by-step ''backward'' method was used for the linear regression analysis. A chi-square test was used to assess associations between categorical data. The Student's t test was performed for pairwise comparisons of the ANP level. A two-sided p-value ,0.05 was considered statistically significant. Table 1 shows the baseline characteristics of the study population. There were no statistically significant differences in age, gender, cigarette smoking, BMI, or waist circumference between the groups. Biochemical data were not significantly different between groups, with the exception that higher levels of cardiac markers and leukocytosis were observed in patients with STEMI.
& RESULTS
The majority of patients with STEMI enrolled in this study were middle-aged males (85.5%, mean age 56.2¡10.4 years). Most of the patients (n = 62, 56.4%) had an STEMI localized at the anterior wall, and their IRA was the LAD. Additionally, most of the patients (n = 90, 81.8%) had primary PCI (mean 2.8¡2.2 hours; minimum 45 minutes, maximum 6 hours), and 20 patients (18.2%) were given fibrinolytic therapy with streptokinase (1,500,000 IU over 45 minutes by intravenous infusion) within the first three hours (mean 2.4¡0.8 hours) ( Table 2) .
Echocardiographic measurements are shown in Table 3 . Conventional measurements revealed a normal LV size in both groups and impaired LV systolic function in patients with STEMI (LVEF in patients vs. controls: 49.4¡7.1% vs. 60.5¡5.2%, p,0.01). With regard to diastolic function, only , p = 0.02). There was no association between the LAVI and angiographic indexes.
NT-proANP levels were significantly higher in patients than controls (3.90¡3.75 vs. 1.35¡0.72 nmol/L, p,0.001). The Student's t test was used to assess the effect of patient demographic characteristics on plasma NT-proANP levels. NT-proANP levels were elevated in hypertensive patients and diabetic patients (5.34 vs. 3.05 nmol/L, p = 0.01 and 5.38 vs. 3.29 nmol/L, p = 0.03, respectively). A correlation analysis was performed to analyze the association between patients' NT-proANP levels with other variables, which showed that the NT-proANP level was correlated with age, diastolic blood pressure at the time of admission, peak troponin I value, and Gensini score (Table 4) . When the NTproANP level was examined with respect to the revascularization method used, patients who underwent PCI were found to have higher NT-proANP levels compared with those who did not undergo PCI (4.21 vs. 1.87 nmol/L for patients who underwent primary PCI vs. patients who received fibrinolytic therapy; p = 0.03). The time until revascularization was correlated with the NT-proANP level in patients who underwent primary PCI (p = 0.02). No associations were found between the NT-proANP level and echocardiographic parameters used to determine LV systolic and diastolic dysfunction (p.0.05). The LAVI was the only echocardiographic variable that correlated with the NT-proANP level (r = 0.28, p = 0.01) (Figure 1) . A linear regression analysis using stepwise backward regression was performed to show dependent and independent effects of variables that were found to correlate with the ANP level. All parameters showing a correlation (age, diastolic blood pressure at the time of admission, peak troponin I level, Gensini score, and LAVI) were included in the analysis. Age, peak troponin I level, and LAVI were independently associated with NT-proANP level (Table 5) .
& DISCUSSION
In this study, we evaluated LAVI and plasma NTproANP in patients with STEMI. The level of ANP and the amount of LA dilation are strong and independent predictors of morbidity and mortality during STEMI (6, 10) . Although the relationship between LV characteristics and the NT-proANP level has been demonstrated previously, this is the first study to identify associations between LAVI, NT-proANP level, and clinical data, such as MI location, IRA, and the severity and extent of CAD in STEMI. The results of this study reveal that both the LAVI and NTproANP level are affected to similar degrees during STEMI and seem compatible with each other.
The dimensions and functions of the atria, particularly the LA, have clinical significance in many cardiovascular conditions (6, (18) (19) (20) . The enlargement of the LA has been associated with an increased incidence of atrial fibrillation, stroke, congestive heart failure, and mortality, especially in elderly people (21) . Even in young and healthy subjects (n = 2,804, mean age 59.2 years), the LA diameter is a strong and independent predictor of the development of cardiovascular events during follow-up (22) . The LA size demonstrates a greater predictive value compared with LV diastolic function measurements and filling pressures, which are substantially influenced by hemodynamics (6, 23) . Similar to the association between the finger-stick glucose level and HbA1c value in diabetic patients, LV filling pressures, as measured by conventional and tissue Doppler imaging, are appropriate for monitoring short-term hemodynamic status, but LA measurements are more relevant for determining the average effect of the left ventricular filling pressure over time (24) . Although the LA diameter is an easily quantifiable parameter by using M-mode, its accuracy in reflecting LA size is controversial due to the asymmetric structure of the LA (4,5). Currently, the LA volume measured using the modified Simpson technique from the apical four-chamber view indexed to the body surface area (LAVI) is the preferred method for LA quantification (5) . A LAVI$32 mL/m 2 determines abnormal diastolic function with 100% specificity and 67% sensitivity (25) . In our study, the LA diameter and LAVI were correlated with each other (p,0.05). We did not observe an association between age, gender, BMI, and atrial measurements. The LAVI was increased in hypertensive patients (29.2 vs. 24.7 mL/m 2 , p = 0.01). Impaired LV diastolic function in essential hypertension may account for the higher LAVI in these patients.
In patients with acute STEMI, there is an inverse relationship between LV and LA functions unless LA is affected from an ischemic event (26) . LV function is reduced, while an increase in LA function is observed. While the contribution of LA to LV stroke volume is 20% in normal individuals, it increases to 35% in STEMI. Thus, atrial contraction greatly contributes to LV stroke volume and filling pressure in STEMI sufferers irrespective of impairment in ventricular function. A few studies have examined atrial changes in patients with acute STEMI (6, 22, 27, 28) . The presence of heart failure at admission, fibrinolytic therapy, moderate to severe mitral regurgitation, LV systolic dysfunction, and poor myocardial perfusion following revascularization were associated with an enlarged LA. We observed no association between MI location (anterior, inferior), the IRA (LAD, Cx, RCA), the method of reperfusion (primary PCI, fibrinolytics), and atrial dimensions. We believe that early successful revascularization of our patients, often with primary PCI, and the spontaneous recanalization observed in most of the nonintervened patients contributed to this finding. Again, vessel score, which reflects the extent of CAD, was not associated with atrial dimensions. The Gensini score, used for the assessment of the severity of CAD, was correlated with left atrial diameter and volume (p,0.01). LV diastolic dysfunction associated with chronic myocardial ischemia may have resulted in increased LA dimensions. There was a positive correlation between the LAVI and the E/Em ratio, a sensitive marker of diastolic dysfunction (p,0.05).
Essentially, myocardial ischemia stimulates ANP release by increasing both LV end-diastolic pressure and wall tension (29) . The correlation observed between the maximum CK-MB level (an index of infarction size) and ANP level during the early phase of STEMI (the first 6 hours) led us to hypothesize that ANP release is essentially an indicator of the severity of the infarction and that ANP is released from ischemic cardiac tissues (30) . However, no association was found between ANP level and infarct location, the number of vessels involved, or whether reperfusion could be achieved. The plasma ANP level measured on the first day of MI was correlated with the mean right atrial pressure, pulmonary artery pressure, and PCWP recorded during right cardiac catheterization, but they did not change in patients without a decreased cardiac index (31) . Elevated ANP levels during STEMI is associated with the development of heart failure and increased cardiac mortality (10, 31, 32) . In our study, NT-proANP levels were nearly 2.5 times higher in patients than controls. ANP was also elevated in elderly, hypertensive, and diabetic patients. Our findings do not differ from those of previous studies that demonstrated elevated natriuretic peptide in subjects with essential hypertension, especially when left ventricular hypertrophy and DM are present (33, 34) . We found that NTproANP was more likely to correlate with the peak level of troponin I, a more sensitive marker, than with CK-MB. We did not observe any association between the location of MI (e.g., anterior or inferior), IRA or the number of vessels involved (as quantified by the vessel score), and NTproANP level. The observed correlation between the Gensini score, which is an indicator of CAD severity, and the NT-proANP level may have resulted from lower EF values in patients with higher Gensini scores. NT-proANP was also higher in patients who underwent primary PCI compared with patients administered fibrinolytic therapy (p = 0.03). PTCA-induced myocardial ischemia may have been the cause of this elevation. In patients undergoing primary PCI, the time elapsed from the onset of pain to revascularization was correlated with ANP level (p = 0.02). It is possible that the size of myocardial damage and the NTproANP level increased due to delays in performing the procedure.
When the previous studies that examined the associations between ANP level and echocardiographic parameters in patients with STEMI were revised, the NT-proANP level obtained during hospitalization was found to correlate with LVESD and EF in patients receiving thrombolytic therapy (10) . In a more recent study, Elmas et al. evaluated the plasma levels of midregional pro-A-type natriuretic peptide (MR-proANP), a newly developed assay for ANP quantification, and NT-proBNP in 102 patients with a history of STEMI (35) . They demonstrated that MR-proANP was the strongest predictor of LVEF, even superior to NT-proBNP. However, Nagaya et al. measured post-infarction natriuretic peptide without taking into account the success of revascularization or the therapy administered, and they failed to show a relationship between plasma ANP level and changes in LV size and function (36) . Similarly, we did not find an association between NT-proANP level and LV diameter or EF in our study. This finding could be explained by the preserved LV function in most patients (mean LVEF = 49.4¡7.1%) due to timely and successful reperfusion. LAVI was the only echocardiographic variable that correlated with NT-proANP level (r = 0.283, p = 0.01). Furthermore, it was independently associated with NT-proANP level. The results of our study are consistent with the results of the ROMICAT Trial, which reported an independent association between MR-proANP concentration and LA enlargement but not between MR-proANP and LV measures in adult patients without heart failure (37) .
Based on this association between NT-proANP and LAVI, we may suggest that the major source of ANP after an acute STEMI is the left atrium. The clinical importance of this result is that measuring LAVI as part of the routine echocardiographic examination in patients who have suffered an acute STEMI could provide valuable clinical and prognostic data. Although the long-term prognostic significance of increased LAVI in STEMI is well known, elevated NT-proANP, which is also a marker of adverse cardiovascular outcomes, may help explain the unfavorable results associated with LA dilation.
Study limitations
This study had several limitations, the most significant of which was the relatively small sample size. LA size could have been estimated with newer techniques, such as realtime three-dimensional echocardiography, but we chose to use 2D echocardiography due to limited experience with the former technique in these patients. The other limitation was the absence of LV pressure data. The LA, LV filling, and end-diastolic pressures could have been measured invasively, but we evaluated the Doppler parameters of diastolic function instead. These measures accurately predict LV pressures (6) . Additionally, the contribution of medical therapy to the changes in LA size and NT-proANP level was not considered. Another potential limitation of the study is that we did not assess BNP. Lim et al. reported the value of BNP together with echocardiographic measurements in acute STEMI patients; therefore, we did not measure serum BNP (38) . The current study was not designed to investigate mortality or major adverse cardiac events but instead focused on the possible association between NT-proANP level and LA size in patients with STEMI.
Increased left atrial volume and ANP, a major peptide released from atria, are strong predictors of post-MI survival. Whereas ANP measurement is expensive and cumbersome in clinical practice, the LAVI may be easily quantified during routine echocardiographic examination.
In this study, we demonstrated that plasma NT-proANP increased due to enlargement of the LA in STEMI patients. The results of this study reveal a strong association between LAVI and NT-proANP. It may be beneficial to assess the LAVI, which is simple and convenient, instead of NTproANP in patients with acute STEMI.
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